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Two i&tinct benzodiazepine bmdmg sites have been klemified^ (/) 
a centra site restricted to brain and (/i) a ubrquitotisly expressed 
mitochondrial binding site, the so-called peripheral^type hemodh 
azepihe receptor (PBR). In this paper, we show that a benzazepine 
referred to as BBt22 (z^mino 9-chloro-7-<2-fluortiphenyO-5H- 
pyrimidolR4^RJbeiizazepfneX which is dassffied as a PBR tigand 
based on structure, induces arrest lit Gj/M ph^ of the cell <yde 
in human tumor cell fines of boieh epHhelial and hematopoietfc 
cellular origin. After (h/M arrest several tumor types, notab ly 
gostate and certain breast camceUm"e=. ejAibked ^Itrnmr^^iS^ 
p^isjdeally.'cante^ shiaiuld selectively target tumor 

ceflFvi^fle ceD counterparts. BBUi exhilbited sudi 

s^ectivjy, as h did not affect the gnswth and survival of nonnta- 
lignaiit breast and prpnate epithelial fines. Moreover, B0U2 dent- 
onstratod strumiral requirements for this selective airtitumor aw- 
t^yi^y as 11 «ructuraUy related PBR llgahds. induding hlgb-affinity 
Ugands Ro5^4a64 and PK11195. to induce tumor cell growth 
arrest or apoptosis.. The in ufvo antitumor activity of BQiJZZ was 
examined In a human xenograft model df androgGi*4ndep^dent 
prostate rancer where^ BBL22 signrftcantly reduced the growth of 
PC3 prostate tuinors without endtfnig 6<rcn toxidty. Identification 
of BBL22 represents a tumor selective therapeutic strategy for a 
\^riety of human tumors. 

VV dcnocancinoma ofthc pxosialcaad breast remain tW6 of the 
, ^ff7^most commonly diagnosed malignancies in Nonb America 
. and Europe. Wicrcas most prostate carcinom«^ arc initially 
responsive to androgen ablation, with lime Ihcy lose their 
hormone dependence and become refractory to hormonal ma- 
i\ipulatiQn.s as well as unresponsive to aegnsssive chemothcra- 
peulic agents (1. 2). Ai that poiau most men ulUmatcIy will die 
from progressive prostate caacer. Similarly, with the exception 
pr e^B2^rexpre!»iog breast . cancers, where a humanbcd 
anU-erbB2 monoclonal antibody has infracted on survival (3) 
^cro have boen r <dathrely few therapeutic advances made over' 
the past five decades that hat'c prolongwl ovemU survival In the 
scLtmn ofmctastaric breast cancer, the chronrc use of dlaicram 
a mcmbtt^ of the benzodiazcpme (BZD) family, has 
associated with a more favorable outoome In breast cancer (4) 
tumors among wQinjen who have osed thcripcutfc doses 
of diazepam for more than 6 months tended to be smaller in size 
with a reduced incidence of lymph node Involvement. These 
Ondiiigs arc mtr^uiiig m light of the gnwOi r^Iaiory effects of 
ceriam BZDs on murine tumor Hncs f5, 6). 

^^i°if^*^^*'** distinct locL a'central and peimhcral- 
typc^p bbding site. The l>vo sites difEernot only in ihcktissue 
distrftutioa and intraccUuJar locatization. but also in dicir Ugand 
afRnily (7). The central-type receptor is restricted u> brain tod 
mediates the therapeutic anxiolytic, anlicanvulsam, and nuisde- 
relaxani effects associated with comownly picscribed BZDs such 
as clpna-^epam, unpariing aUosteric effects on 7-aminobuivric 
acid-fcgiilatcd chloride channels (8, 9). A second, more ubiaui^ 
tously expressed B21> binding site is found un the outer ibito- 
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chonddal membranes of peripheral tissues and cells (6, lU-i2). 
This latter site, the so-called peripheral-type BZD receptor 
(PBR), is characterized by its affinily for another BZD ligand^ 
Ro5-4864, and the isnquioolinc derivative PKll rather than 
for clonazepam (6. 13, 14). A number of PBR ligands have been 
shown. to influence a variety of cdi processes, including adnmaJ 
sreroidogcaicsis (15-22), mitochondriaJ respiration (23). and the 
grov^th and differentiation of murine cell hncs (3, 6, 24. 25). 
However, ihe role of PBR in mediating these effects is unknown, 
as ligand binding affiiiily has not always correlated with biolog- 
ical activity (13, 25), 

Althoujgii the mcchaniara(s) responsible for the growth and 
differentiativc effects of various peripheral BZDs axe unknown, 
one possibiUtjr is their effect on ihe^ oqjrussioa of growth 
regulatory genes sue* as ihc c-fos protooncogcn<x o-fos is 
iildliced during nerve growth racior-stimulatcd neuronal dJf fcr- 
cniialinn of PC12 phcochTomocytoma cells (26). Cocultbring 
various pcriphcral-aduig BZDs wiih nerve ifrowth factor not 
only modified gtwih factor-mediated neuronal differentiation, 
but also resuiied in die superinduction of c-fos (26). A second 
possibiljiy is lo modulate cell growth through their effects on the 
cytadceleion, a key target Ofgrowth rcgaiatQr\' signals (27). And 
third, PfiR and their high-affinity exogenous ii^aiitls PKfll95 
and Ko5-4S64 enhance intracclliiiar cholesterol transpon (iil, 
22) and steroid biosynthesis (15-22), key processes in regul'atmg' 
cell growth: In addition, diazepam bindirig inhibitor, the putative 
endogenous PBR ligand (28), also hos been shown to stimulate 
mitochoncbial steroidogenesis (20). ■ 

Wc now rcporl on the identification of a bcnxazqiine that . 
selectively arrests a variety of both epithelial and hcmaioiogica! 
human tumors in Oj/M phase of the cell cycle without affcctinc 
normal cell counterparts. After ceH cycle arresi^ ^cral tOraor 
types, notably prc^tate and breast, undergo apojiiosis. Opiiraal 
cancer therapies should target tunwr cells without advers^- 
af&ct^xg normal cell counierparts, and 6BL22 docs not affect 
nonmaUgnant breast and prostate epitheUai ccH lin^ To indi- 
cate the structural requirements of BBL22 antitumor activity. 1 1 
additional PBR ligands, some with higher PBR affinity than is 
found m BBL22> had no effect on tumor cell lines. To demon- 
strate its in vivo anijtutnor activity, BBL22^ administered to 
mice hearing a highly aggressh^, androgen-indcpendeni human 
prostate eaneerxcnograft.'nie growth of established iximois was 
Significantly reduced in the PC3 xenograft after treatment with 



^^XT^-"^ requttliihoidd be addn=wd preseniodctoOlvfaioo of E^pa^tnen- 
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Table 1. CgII cyde effects of B0L22 
Tisjue type 

H5578t (-} 
HBL1O0C-) 

0X474(4-) 
Pnsstate cancer (androgen statw^ 
PQ Crndependent) 
DUl45and€pendenO 
lwca*>* (dependent) 
Other eptthefiaJcarononMs ' 
HeU. cervfcal cancer 
T9a gffohlastoma 
Hemato/ogfcal mallgnandes 
KS52, Mfi (AMD 
Na/miaace«(AU.) 
NaJrhS, B cell (ALU 
Nonrt^rrgnaht breast epftheRuin 

NomTialignant proitate teprtheiiiim 
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Laboraiories. For cell cultur^L^rrnot ^^"^ Bcssor 

f^ino adds. 2^1^^^^'';^^'^ .noncsscmi^ 
heaMnactivated PCS t-TT^ "Jg/ml bovme insulin, 10% 

hCDMnacivatcd FCS. HS4M auil^*'^ 
suppjemcnced wiu, u)«, TI.; - J^? **** S«»n in DMEM 

containing lu% hcatS^^^^^'^O "f^""^ ^"0 
strcptorajvin. HiST57aBST i n^^.V^??^.! penicillin/ 
T98 wUs were grxi^n in^SliSf^J?^"^- «^ am^ 
™aivn,cd FC5. 4JI ^U? 

bator ai 37»C under a5% r% '^^^ a hujnidffied ircu> 



andS'ir^:^?*' «mmnn»Wot An,f^ Celb wc,^' har 

?MSF; and 25« fvoV^l Wj^^jf SSi^ ""^ 

S«yccn)l. Protein concejitrations were 

^ eta/. 



Ponceau S s^SSL xiSf«'!5P™'^''^r~^">^^^^^^^^^ 
Tris-buffcred salin?roH%^?^^™*? blocked tdM hi with 

1 h at room tembcraWrt^W^W^-''^'^^^^ 

JVBShcd to« ,2.4 fa ^^i^^jP?^ Bibb thfcp ^^re 
bbn«iadisiirtoo^(^i.^T' ""f^^'wl with a anii-niousB 

acs«n« (Amc«hanx pKS)!^- ^ "'^anccd ch«ni|umi- 
comainingpropidiiOTS^n »/^"*'^*^'' ^ "-^ ^ 

(PH 7.4) supplenSiS^ f^f^,T^^ PBS 
after «bc«i7CtS^i''il^"^{«»V ^' ^7 days 

three grpops. (i) y^tikhf^^l^'^ were JliWdcd into 

vehicle or BBL22 S[^''J,Si?«,Sk^''^fl P^r <U>: Eith« 
consecutive days (davs I7 rt^„„i, «iniw a day for 4 

Each group c^hC^ ot l^^J^^'!^^ moculauon). - 
every otliet day. and biiKnmn*^?^ sighed 
Obtains, A^t^'^^ 52^ea«.ren,e„t.'£re 



Anejts n^niaii Tianar Cell* In c./»« nt 
Table 1 shows the stOwth,^2,^ ^ «V*. 

o«wMj regulatory effects of BBL22 on a 
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%Gi%S phase 9i<?^/3Mf. 



Table 2. BBUZ cefl <ycle arrest is cumulative and not afarogatit^ inatlon Jhr nh*-nrM^.r,.. ^I'^nr 4^ ' K. 
by saturation of PBR bindmg sKes • !^ T i ■ ? P^f "?^yP^ °S?.?|^:?™^^?*;ceUs by usine 

forojaiion, cycIiQ-dcpc:ndenL.lcM&^ t 'actKpayy-Tevealed thai 
^^V'Ts*^'"*^^'^ ^''^^^ i^ii^r thm.m ttic & interphase 
(W X., $^\. and N.L,S.. unpn&IiSSecf 'wo&). v ^ 

irogata^y Saturation 
^^?^?^^cano« cells vnere 



68 
46 
20 

43 



U 
10 

1Q 

IS 




Culture conditions in MCF7 cells 

Control 
BBL2Z. 24 h 

BBL22, 24 h followed by 72-h 

washout period- 
Saturadon of PBn (preincubdtion 

with go ji^M aoS^4g64) bef org BBL2^ 24 h 

^Th«B results are represemative of four ImJepend^ fi«perfmcn«. .ifg^' 
*Cef b were cocultured with 50 BBL22 for 24 h, then replaced In ' - ' 
medium, and cell cjrcle anafyiis was performed 72 h later. 

variety of human lumor lines of cpithellai and hciiiatopo*«.^^. 
c^J origin, A dosc-response con-c was esiablishcd by u^^- 
BBL22 at f^ai conccatratiotts ranging from lO pM to 1 m^*" 
Exponenually growing, unsynchrontzcd tumor ceU lines werSS' 
CbcuJtured with BBL22. Al various Ume pomis before nniS'' 
after trcatmcni wiih BBL2Z flaw cytoxaclric ccij cyclb analwig: 
was performed with propidium Icclidc staining. BBLZ2 &t\ 
dticcd luinor^lJ nrowth lUTcsl in a dose- and timendbpciuTci^'' ' 
manner (data not shown). RcIatKcdy litUe Wvth ihhibiB®£^;. 
was .^cn when tvnrior Imcs were cocultun-d wirh ifttif 'tTSnv 



BBt22 CeU Cyde Arrest Is 5 
of PBB Binding Sitfst To del 
G2/M arrest was iransienl^t 
treated for 24 h wtih 50 fxM ^ 
was washed out and cells wtcS^' 
for an addhioaal 96 h bcforerf^"^ 



compound ^ 
taincd wflh other luraor lin 
ihovvn). 



medium 
lown. thu 
70%. 
the 



^f^l##S8t BiPTO; data not 

rmmy^m... . 



To deterniinc whether BB^^ofd^aMWis mediated 



u 



by PBR, minor cells were piefirear^^vvMieillia: Ro5-4S64 Of 
PKII 195 at 50 both his!b^£ttt^BB.S^£ds. at conccn- 
ftations Snown to saturate f^I^b^ding.CTt« (5. fi,' '13). Blocking 
raR sites did not i^cogaic BBtsz-u^ueod ccff oydc n/resi 
(Table 2). ^-^^f^^ ff f^f"'-.-.^ 

TiM BBL22 for 24 h, there wai apprrtxinai^y^So^tSi:' K "'"^ ^''^ HncS.:?.ojjfi^ ^„,i„ 

bidon of tun>or cell firow.h as dSS by a W^.'^ 'V & ^ ^ 

uumhtr (data not shown). MuiimalarowthinJiibjtiom^^ I.^i fff^ V ^ .bV*W^^^ apRsaraicc of a 

Iii.es wai observed using 50 M^BB^i2l^4TrT^^^ 'O^'l'-*'! ,'n°n'hoJogy., and eveiA^^ the 
Growth iahfbitiou ^-^Tf^tJ^^MiLii^iciS:: : ^^'^r."^ ^ '^^^^^J^''^'^^^mm iumor. 
axiciit in G./M phase mWe l^Ilost^S^ t^or S^n.n'r"^!™* ^ . 

examioed cxhibitLl doubling times SnSwtami^^lS ^^*^P'°*^'=^'''^'''^'™M'''*'=^«^iM^P^pi^^ 
h, which corxcspoaded to The oritii^L SSS^foS^'^ 

quired for BBU2-induccd c^U c^ii?^A^^ n^:> - '^^^ J}"' P^^WWtift^^is^it.^ia 
^^a«c«iatcdwi,M concnnuXiSt«c^o'^^ 

or cells in G, phase, with a smaller redu«Jon ii! thr^W^>v*- Ijncs.IiqCafi.K 

popuiatioo (Table ). frtddS of S^^a^^^ human pr.x.,a,c cancer line. AjC|hSrp ^f^^-.I^tt^ yia^ S ^ 

consistently wus observed refiardl.^; "'^^«ScMS-" fR?'^^^ 

' t pgyw*T?^te cartcec 



receptor st«us of breast c^Si7e7,;;;/;^;g^!d*^^ 

or.independc.ts.atusofpt^statecaacereens.l.unh'S^^-^f/c^^^^^^^^^ 
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^ aau2 ln*ioces human tumor cell apoptosH. DMA histograim fi 
aretrogcn-tndependent f>0 prostate cancer cells (W), and the estr 
«ma points P4 hand 72 h} after treaimentwiTh50;JWBBL22 The»«,«au«iircam 
apopiotfc population. Data shown H rcpr^tative of f^h, independent 
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55^0 cyde kmetJcj of 

^legatfvc KBL100 bremt carcinoma 11 
caiH in 6w S phase, and Gj/M anr fndS 






ifl^g^e^^^ cells C4-q, 
ACS* — ^^^^i^ml at various 
jte^resfcnu the 



Xia i>x a/. 



IN r 15 c 



@006 




3f - -u'. 



Culture condmon y. Sub^. ^q. ^ 



Cantral 
Ro5-4S64 
MOlt9S 



<1 
<1 
<1 



70 
69 



14 
13 



16 
h9 



ffrS'"^"f4 'h T*''""'^ «:"ntr««cd PC3 cells 1% 
trig lo;. By 24 b after trcaimcDt wJch BBL32. the G,/m. 

(F«,.l£^. Oap«loiiged exposure to BBl22f5r72h^Vsu^O^^ 

ho^^ndcrwcn. rfgaifican. apop,o,is after C^^^ 

^In lie case Df both LJVCaP and HBLlOOL wc were nble tn 

apoptosis. In untreated contaDls. ctepase-3 was cxnrL^.^ 

(PIT) was t^bjcrvcd after treatmeni vith BBL22 for 72 h f Ro 2 
arrowhead). In HBLlOO c^lls, we showed a do^t^^i eff^^J 

k dST^o ^ consbhitfvely Jow levels of c4,ase.3. maS 
• „ ^ "'U^ ^'"'^ breast cancer cells did 

ure BRr^ j«T ?.^^* J*^ apparent wmor-selcttive na- 

^S^-l?^*"- ' ?^ *^ C-nserved Among Structurally 
Related Pea Ugaods. H has been sWn prevlouslv iSat ih^nir 

ous gro«'ih and diffcrentiatixi: effceS exerted bv Brnl^L' 

cf rccts observed with BBU2 were ubiqvudas for PBR^lV^T^ 
wc examined rhc effects of 1 1 strucrutSl" SS^-S^^,^^^^^^ 



Nuae of the 11 compounds had any 
siSniCcani effects on tumor cell cycle kinetics or »popw;is 
an cxa^lc. cocultMring PC3 ells with ci.her R^4SM or 

(Tabie " O'"""!* cell grow th or viability 

anu^pr eff«:.s of B6L22, prodded ,o*L L e to ^ 2f 

P^^c^ +" androsca-indep^S^'t J ^ 

pr^tc canoir. Tvimors were established bv inocuiatioE nude'<' 

Sh^H*!^ ^'"^.^'^ t"inb„ we^i.; palpable and^ar § 
Z^^'^'^T'' "^^f^ s,e. with (0 vehiite aldhc f« ^ sy. ? 
f ffn * consecutiyc days (ri I 5), or § 

B^M2 2.0 ^a^kg per day for 4 co>i!itMJ^(n^ ^ 1 
Adnyiiisliation of BBi:a al bbih 50 and 25() mi/E W UV 

conirok trcai«l with vehicle alone (Fig. 3) - AtrdaVrsi^'^^^^^^^ 

"B/kgper day BBL22 was apprbiaiift^Iy3,50- - 
and 100 ram^ respectively, as compait;d with 450 inm^ Xor 



1^' ^ 1; 



f 



« »• . *• a ^ i — 
f t » J 

in Pb <«nograftt Palpalile tumon 
eeiij. At d»y 17^fte^ tumor cell Inoculation, animali wero iniecied s c 

24 V^d 32. Horl««all,ncilndic«e mean value. toreithv^^JLig^^^^^ 
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controls, Although histological analysis ofnorQial tisi-uc was not 
performed, BBL22 nt both doses appeared to be well Infers ted 
as Ihcrc was do evidence of overt gross toxicity (i.e^ weight loss 
neurologicaJ deficits). ' 



Piscusdoo 

We have idditiOed an agent wiih tumor-selective cell cydc and 
proapoptotic effects on hoth cpirftsl-a! and hcmaioiogicai human 
""lomor imcs withoui nf feeling normal ccU counterparts The in 
viero antitaraor cffeds oTBBUa were coiiiinnedm iivo, by ushm 
a human xenograft model of atidrogcn-indepeudent prosialc 
^ cancer where B BL22 significantly inhibited tumor growth with- 
out eHdtin^ overt toxicity. 
- Although BBL22 is classificd as a PBR ligaad based on 
structure, its antitumor cfects seem to be mediated indepen- 
dcnOy of milochondrial PBR. First, mitochoadrial PBR arc 
ubiquitousty expressed in boih neoplastic and normal tissue, a 
drstnoulion mcoasistcnt with the tumor-selective effects of 
D^il^n-^^^"^' high.artfnily PBR ligands Ro5-4f!64 and 
i^i39D did not demonstrate antiproliferative or proapopiouc 
ejects on lumor lines. Third, blocking PBR binding sitcTdid not 
abrogate su bsequent BBL22^iDduced GjJM arrest of tumor cells 
(Tabic 2). And finally, m breast cancisr cells. BBL22 localizes to 
(he nucleus and not to mitochondna, whcrpa^ other PBR ligands 
^Pfcsi^i in cytoplasio 5.S„ and N.JLS., unpubi^hed 

The mechanism by which BBLZZ eaarrls its selective effects 
on ncoplaswccetls is unknmvfj. Mitochondrial PBRs arc wide jv 
m ^ variety of normal and neoplastic ti.ssuos (7 

10^12, 29). Althpiigh We did not perform PBR bmding assays 
on tumor cell lines, Qther,groups have shown rhc presence of 
these brndins^^^ in MpFT, HSSJBU and MDA-MB^§ cell 
imes (21, 30). To date, there have been conflicting reports on 
the effects of hi^-afiiniiy PBR Ogands PKni95 and Ro5- 
4.S64 on ttie growth of tumor cell lines. Papadopoulo-s el al (21 ) 
recently showed that PKl 1195 stimulated the growth of breast 
cancer lines concomiliml with increased ooclcar transport of 
^K^ngTL^p^^^ .a/. (30) shoxved that 

u^t^^:f^f^ ffitipioUferativc effects on 

celts by mducmg them to undergo Ga/G, ceil cycle 
arresc These apparent discrepant may be concent raflon 
dependent. In contrast, our data consistenthr show BBL22 
I"""'^;"^ Gz/M cfell cycle arrest in a varieiy of tumor types of 
both epithelial and hornaiologicceU origin, thereby minhnizina 
bms loward a panicular ctlMlne or tumor type. Cumins cf at 
(^ ) showed that PKJU95. Ro5-4«64, and di^epam induced 
mitotic arrest m Chmcsc hamster lung cells, atthough we did 
^^1^^'^'' ^^"^ of these compounds oh human tumor lines. 
mr^?T?c '^'^-^S*^ "^^^^ ^ antitumor effects through a 
mechanism. independent of the mitochondrial PBR In ihLs 
context. Papadopoulos ct al. rccenUy identified a form of PBR 
!\Si\Tft ^^''^''' of breast cancer cells but not normal breast 
tissue (21). In their rcporu ihcy showed that PKll 195 acted as 

t.^nT."!!!r'! ™^ ^'"^ sUmulating nuclear 

PfeK l*" H^'^'^r^^- ^^^'^fore, if BBU2 binds ihe nuclear 
raK described by Papadopoiilos and coUeacucs (20 then it 
rcptescnis the fct reported antagonist of that binding site 
example? of other nuclear receptors rcgulathie tumor ceU 
growth have been rcporUid. For examplefp^^ 
V!^^^^^"" receptor-y (PPAR^,) nuclear recepto^ are 
expr^d m a number of ttimor types (3Z 33). Treating 
PPART^xpr^smg tumor cells with PPARy agonists has been 
shown to inhibit cell growth, ahi^ugh in somi cases inducIS 
subsequent terminal cell diffcrcntiaiion (33). Because PPaRv 
n^ptors atso are expressed on normal tisitue, the clinical u^^: of 
PPARy agonists lilcely will be associated with toxicity. Restric- 



tion of the BBL22 binding :.itc to lumois provides an cxplanaiicn 
Cor Its speciOcily of action. 

BBJL22 also exerts proapoptotic cffccis on tumor cells. There 
have been eonHicting reports on the effects of PBR ligands on 
fPiy'^f'-''- ''^ reported, that Ro5-4864 protected 

u9j7 lymphoblastoid cells against tumor necrosis facuu-a 
^^^■'^t^S^'^^ apoptosis, whereas PK11195 scnsiuzed U937 
cells to TNF-a-mduced killing- Simfladv, PKI 1 J 95 was shown to 
sensitize lymphocytic ccn.iines to the proapoptotic effects of 
chemoihcrapeuiics, y irrndiatidn^ and ceramide (35). These 
differences may be related to the particular cell type and the 
apqpiotlcstimuhis. Hovtwcr, cat^ of these studies foUcd to shrtw 
an effect of cither PKll 195 or Ro5^8(54 itself. In contrast, our 
data lodicatB that BBL22 exerts proapopwiic effects on av-ariciy 
of lumor lines when a<ed alone, jivhile sparing normal cell 
counxciparls. 

8BL22 demonstrated .structural requirements for cell cvcic 
arrest and apopiosis as 13 structui:aily xelatcd molecules, includ- 
ing the high-affinity PBR ligandji Ro5-4864 and PKl 1 1 95, failed 
to modulate tumor cell gro^^'lh or apoptosis (Tabic 3). Other 
exainples of distbct structural requirements for the biological 
activiiics or PBR hgands baTC been reported. For example, the 
structural requirements for BZDs to induce hemoglobin .synthe- 
sis in Fnend eo throfeukemia cells arc snnBar to those associated 
with their ability inhibit nerve growth factor-induced neuritc 
outgrowth in Pa2 cells (25), These structural requirements, 
however, differ froni those associated with BZD induction of 
ornathine cfccarbcbtylase activity in PG12 ceDs (25). IdenuTura^ 
uon of the strucixfral requirements for BBL22 tumor-sclccthii 
OJM cell cycle arrest and dppptosts wfll lcad u> a new gener- 
ation of lumor-selccihre a:g6nls for ireatiujg a variety of epithelial 
and hematological maljgmincic)!. 

^ 0BL22 demonsiraied rVi vtVi^ aaUtumor acuvity anainsi the 
PC3 human xenograft^ a widely accepted model of highly 
aggressive, androgcn-indcpendent prostate cancer. CHi^^ 
androgcn-indepetident .prostate ttimoTS gencrrilly are refrac- 
tory to standard cytotoxic chcrhotherapcnlic agents ( 3) 
Administrafion of BBL22 for only 4: consecutive davi inhibited 
the growth of established PC3 lumdrt ;(Fig: 3). the dcg^^^^^^ 
tumor inhibition was similar In the 50 and 250 mc/lcg'i>or day 
treatment groops; suggesting ihat Io;wx:r doses should elicit 
anutumor activiQr. No overt toxicity was dcmbmtraied in 
either. BBL22 treatment group.. Tlicse results indicate that 
BBL32 trcaxmcni is an crfeciivc inhibitor of the growth of 
estabhshed tumors without eliciting overt toxicity Further 
nscarch wfll need to be done to opumize the dose and' 
schedule of BBL22 administration. 

^ Therapeutic doses of diazepam result in plasma conceniia- 
uons of between 1 /lM and 50 (36):,Thereforc, the plasma 
copceninitions -associated with antitumor effeci^s in vitro 
should be safely achle\'ablc in v ivo, enabling BBL22 to be used 
{/) in . combination with conventional cytotoxic chemothcra- 
pcutic agents, (U) in a minimal disease state as a lono^icrm 
adjuvaat maintenance therapy, or (Ui) as a cbembpreveniatiN'c 
agent nj Ingh-ri&k groups. Importantly, similin- (o oiher smaU- 
inolwndc PBR Ugands (37), BBI^2 (molecular weight, 358.7) 
sboidd cross the blocid-brain harrier, making It suitable for 
treating both primary and metastatic central nervous system 
tumors (sec Table 1 for activity against glioblastoma cells). 
Because BBL22 docs not bind central-lype Bm 
ahould npt caijse central nervous, system depression, the 
dosc-limitmgsidc ef£cct a.s.sociated with centrally acting BZDs 
In conclusion, fiBL22 offers a^slratcgy (or dcveiopihg a 
lum r-specilic therapy, with minimal toxicities, that will be 
amenable to both epithelial and hcmatolocical inalignancies 
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CELL LINE 


Treatment 


% Apoptosis 


% Necrosis 


Prostate cancer 


1 %etoh 16h 


1 


0 


PCS 


0.1 jiMPBOX-6 16h 


1.5 


0 




1 hMPBOX-6 16h 


0 


2 




5 nM PBOX-6 16h 


28 


5 




lOnMPBOX-6 16h 


39 


3 




lOnMPBOX-15 16h 


0 


4 




0.1 nMPBOX-15 16h 


4 


3 




1 ^iM PBOX-15 16h 


49 


5 




S iiM PRDY-IS Ifih 




f, 




10 nM PBOX-15 16h 


51 


4 


CML 


1 %etoh 16h 


5 


0 


BV173 


0.1 PBOX-6 16h 


3 


3 




1 nM PBOX-6 16h 


4 


2 




5 liM PBOX-6 16h 


28 


8 




10 nM PBOX-6 16h 


31 


14 




10 nM PBOX-15 16h 


6 






V/.l yuyl rD\jy\.'ij lull 








1 PBOX-15 16h 




40 




5 jiM PBOX-15 16h 




>80 




10 ^iM PBOX-15 16h 




>80 


Lung Carcinoma 


1 %etoh 16h 


3 


6 




5 nM PBOX-6 16h 


19 


11 




lOjiM PBOX-6 16h 


23 


10 




S iiM PROY-15 IfiVi 




8 
o 




10 mM PBOX-15 16h 


17 


10 


Ovarian Carcinoma 


1 %etoh 16h 


0 


0 


OAW42 


1 liM PBOX-6 16h 


0 


0 




2.5 PBOX-6 16h 


11 


4 




5 i)M PBOX-6 16h 


17 


3 




10 PBOX-6 16h 


22 


5 




5 nM PBOX-15 16h 


24 


10 




10 uM PBOX-15 16h 


27 


6 



